S3
= 8.5 Hz, ArH), 7.80 (1H, dm, J = 9.0 Hz, ArH), 7.79 (1H, dm, J = 8.1 Hz), 7.53 (1H, ddd, J = 8.5, 6.9, 1.4 Hz, ArH), 7.38 (1H, ddd, J = 8.0, 6.9, 1.1 Hz, ArH), 7.32 (1H, br s, N-OH), 7.22 (1H, dm, J = 9.0 Hz, ArH). 13 (1H, ddd, J= 8.8, 0.4, 0.4 Hz, H3 (3H, m, H4+5+6), 4.13 (2H, q, J = 7.0 Hz, H8), 1.48 (3H, t, J= 7 Hz, H9).
Synthesis of the bis(oximato)copper(II) complexes
Bis(oximato)copper(II) complexes (with formula Cu(LN) 2 , denoted N, using the numbering scheme of the main text) were prepared using the following general protocol.
The prepared ligand (1 mmol) in ethanol (12 cm 3 ) was added to a hot solution of 0.02 M aqueous copper sulfate (25 cm 3 , 0.5 mmol). The mixture was stirred for 15 minutes to afford a pale green-brown precipitate, which was washed with water and dried in air.
Powder X-ray diffraction data were collected on a STOE STADIP instrument operated in capillary Debye-Scherrer mode equipped with a Cu X-ray tube, a primary beam monochromator (CuK α1 ) and a scintillation position-sensitive linear detector. 2θ ranges of 3-70° were investigated over 16 h of acquisition time and samples were packed in 0.7 mm glass capillaries.
1 was obtained in 47% yield. Fig. S1 .1 shows the pXRD pattern of 1 and the simulated pXRD patterns for the two known polymorphs, S11 with CSD entry codes SALCOP03
(polymeric [Cu(L1) 2 ] n ) and SALCOP04 (monomeric Cu(L1) 2 ), confirming the monomeric nature of this sample.
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Fig. S1.1. Experimental pXRD pattern of 1 and patterns simulated for CSD entries SALCOP03 and SALCOP04 S11 .
2 was obtained in 49% yield. Fig. S1 .2 shows the pXRD pattern of 2. 3 was obtained in 91% yield. Fig. S1 .3 shows the pXRD pattern of 3. Fig. S1 .3. Experimental pXRD pattern of 3.
S6
4 was obtained in 86% yield. Fig. S1 .4 shows the pXRD pattern of 4. 6 was obtained in 68% yield. Fig. S1 .6 shows the pXRD pattern of 6. 7 was obtained in 76% yield. To obtain the polymorph of 7 discussed in the text, the sample was heated at 110 °C overnight. S12 Fig. S1 .7 shows the pXRD patterns of 7 before and after heating.
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Fig. S1.7. Experimental pXRD patterns of 7 before (red) and after (black) heating at 110 °C overnight.
8 was obtained in 75% yield. Fig. S1 .8 shows the pXRD pattern of 8. 9 was obtained in 70% yield. Fig. S1 .9 shows the pXRD pattern of 9.
Fig. S1.9. Experimental pXRD pattern of 9.
S8

S2. Computational Details
The calculation of pNMR parameters employed the methodology introduced in Ref. S1 ; i.e., structures were optimised with the Gaussian 09 S13 at the PBE0-D3 S14-S20 level of density functional theory, employing a Wachters basis S21,S22 augmented with two diffuse p and one diffuse d sets for Cu (8s7p4d), 6-31G** for the H(br) atoms and 6-31G* for all other atoms. The σ orb , g and A tensors were computed at the PBE0-1/3 S23 level using a 9s7p4d basis set on Cu that was constructed specifically for hyperfine coupling constant calculations, S24 and the IGLO-II basis S25 on the ligands. The σ orb calculations employed gauge-including atomic orbitals and fine integration grids as implemented in Gaussian 09.
The g and A tensors were computed with ORCA S26 (tight SCF convergence and fine integration grid, Grid5 option). Isotropic magnetic shielding constants σ iso were computed using the formalism given in Ref. S27 , where the effective spin (1/2 in our case), the temperature (set to 298.15 K), and the isotropic and anisotropic parts of the A and g tensors enter explicitly. Chemical shifts δ iso are reported relative to TMS according to δ iso = σ orb (TMS) -σ iso , where the isotropic orbital shieldings of TMS have been computed at the same level.
As described in the main text, the partial s character of the HOMO on atoms close to the Cu leads to large computed hyperfine couplings for these nuclei. As an example, Table   S2 .1 gives the contributions from C and H to the α-HOMO for 6. 
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S3. Solid-State NMR Details
Solid-state NMR spectra were recorded using a Bruker Avance III spectrometer, equipped with a 14.1 T wide-bore superconducting magnet (at 1 H and 13 C Larmor frequencies of 600.13 and 150.94 MHz, respectively). Experiments were carried out using a 1.9 mm MAS probe, with MAS rates between 37.5 and 40 kHz. 1 H and 13 C peak positions are quoted in ppm relative to (CH 3 ) 4 Si, using the NH 3 and CH 3 resonances of L-alanine (8.5
and 20.5 ppm, respectively) as secondary references. MAS spectra were recorded using a rotor-synchronised spin-echo pulse sequence with an echo duration of one rotor period.
Signal averaging was carried out for 128-1024 ( 1 H) or 16384-122880 transients ( 13 C) with a recycle interval of 100 ms in all cases. Where required, frequency-stepped acquisition was carried out with the transmitter offset incremented by ~100 (ν 1 ≈ 125 kHz for 1 H and 13 C)
for each sub-spectrum. Heteronuclear correlation spectra were recorded using cross polarisation (CP) from 1 H with a contact pulse (ramped for 1 H) of 100 µs, and are the result of averaging between 440 and 2048 transients for each of between 16 and 192 t 1 increments of 26.67 µs, with a repeat interval of 100 ms. Where required, sub spectra were recorded at transmitter offsets on resonance for C3+C7/H7 in addition to sub spectra on resonance for all other species. For example, for the spectra in Fig. 4 of the main text transmitter offsets of -9 kHz and 148 kHz ( 1 H) and 20 kHz and 115 kHz ( 13 C) were used. In all experiments, the sample temperature was controlled using a Bruker BCU-II chiller and Bruker BVT/BVTB-3000 temperature controller and heater booster. The sample temperature (including frictional heating effects arising from sample spinning) was calibrated using the isotropic 87 Rb shift of solid RbCl. S28 S12 S4. One-and Two-Dimensional Solid-State NMR Spectra of 2-5 and 7-9. (predicted by the calculations to be at 1146 and 951.7 ppm, respectively) are not observed experimentally. Both 1 H and 13 C T 1 relaxation constants are much smaller for 2 (on the order of 0.5-2 ms for both nuclei, data not presented) than the other complexes, perhaps
suggesting that these resonances cannot be observed owing to a loss of signal intensity during the spin echo. Fig. S4.2 shows the 1 H-13 C CP HETCOR spectrum of 2. S5. Final Assignments of 1 H and 13 C NMR Spectra of 1-9.
The following tables report the experimental (exp.) and calculated (DFT) pNMR parameters for 1-5 and 7-9 (see Table 1 of the main text for the equivalent values for 6).
Resonances were assigned by achieving the best overall agreement between experimental
and calculated values, taking into account connectivity information from the CP HETCOR spectra, as described in the main text. The standard error in the linear regression of a plot of δ iso against 1/T is quoted in parentheses. b. C5 and C6 could not be assigned in our earlier work S1 and the assignment may be reversed. a. not observed experimentally, perhaps owing to very rapid T 1 relaxation. Table S5 .7. pNMR parameters (as defined in the main text) for 8. 
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Species δ iso at 298 K (ppm) dδ iso /d(1/T) / ppm K δ iso ∞ (ppm) exp
S6. Vibrational Effects on the pNMR Parameters of 1
To investigate possible effects of vibrational averaging on the chemical shifts of 1 the effective zero-point averaged structure (r g 0 structure) was computed from the cubic force field using the method of Barone et al. S29 The cubic force field was evaluated through numerical differentiation of harmonic second derivatives within Gaussian 09 S13 at the same PBE0-D3/Wachters/6-31G* ( * ) level used for structure optimisation (using tight optimisation criteria through the opt=tight option), employing the default values for step size in the numerical differentiation (0.025Å) and the integration grid. pNMR shifts were computed for this zero-point averaged structure at the PBE0-1/3/II level (and referenced to TMS, which was vibrationally averaged the same way). This method has been used previously to assess the effects of vibrational averaging on structural and NMR parameters of diamagnetic transition metal complexes. S30 The results are summarised in Table S6 .1.
As expected from the increase in r g 0 over r e bond lengths and the usual tendency towards decreased shielding with increased bond distances, most resonances have a slightly larger shift upon vibrational averaging. Notable exceptions are the strongly deshielded C3 and C7 resonances, which become more shielded (by up to 3 ppm), and Hbr, which is 2.5 ppm more shielded. The latter change is quite substantial for a 1 H shift and could point to a strongly anharmonic stretching potential of the corresponding bond, which would not be unusual for protons involved in strong, possibly low-barrier hydrogen bonds. Inspection of the vibrationally averaged OH distances involved in the intramolecular H-bond, however, shows only minor changes from the optimised equilibrium values (around 0.003 Å, see Table S6 .2).
When the stretching potential for simultaneous compression and elongation of the two OHbr bonds was computed explicitly (through optimising all other parameters at the PBE0-D3/Wachters/6-31G* ( * ) level in C 2h symmetry), the potential shown in Fig. S6 .1 was obtained. It shows the characteristic of a deep single well, where distinct deviations from a
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"normal" Morse-type potential (dotted curve in Fig. S6 .1) are only apparent at large OH distances and rather high energies. The notable effect of vibrational averaging on the shift of Hbr (Table S6 .1) thus appears to be due to a strong structural sensitivity of this property (rather than large structural changes upon vibrational averaging). This interpretation is consistent with the location of this proton in an area of strongly variable spin density (cf. Fig. 2b of the main text), where relatively small displacements (cf. Table S6 .2) can result in relatively large variations of the magnetic shielding and, arguably, of its temperature dependence. The zero-point averaged structure is still planar. To probe to what extent out-ofplane twists could affect the pNMR shifts a relaxed energy scan was carried out along a suitable reaction coordinate and computed the shieldings for these twisted structures. The chosen coordinate comprised the Oa-C1-C1'-Oa' and Nb-C1-C1'-Nb' dihedral angles, which were fixed to the same value θ (see Fig. S6 .2(a) for the numbering scheme used here). In addition, the C1-Cu-C1' angle was kept fixed at 180° to ensure a smooth transition between the planar and a pseudo-tetrahedral coordination geometry about Cu; all other parameters were optimised at the PBE0-D3/Wachters/6-31G* ( * ) level. As expected for a d 9 complex from the first transition row, the pseudo-tetrahedral structure with θ = 90° is very high in energy (32.3 kcal mol −1 above the minimum at θ = 180°), but quite noticeable distortions up to θ = 155° cost less than 4 kcal mol −1 (see Fig. S6 .2(b)). The pNMR chemical shifts computed for these twisted structures are given in Table   S6 .3 and the resulting schematic NMR spectra as a function of the twist are plotted in Fig.   S6 .3. There are noticeable shifts of some signals with increasing twist, notably for Hbr, C7
and C2. In many cases, the trends are opposite to those of the full zero-point vibrational averaging given in Table S6 .1 (e.g., Hbr is predicted to be shielded by full vibrational averaging, S31 but deshielded by out-of-plane twists; but vice versa for H7). Full appraisal would require a dynamical study (preferably including nuclear dynamics), S32 which is beyond the scope of the present paper. Table S6 .3.
